Introduction
Excessive heavy rainfall resulted in major flooding in parts of the central and southeastern United States ( fig. 1 ) during December 2015 and January 2016. During the month of December, there were widespread areas where more than 10 inches of rainfall fell in large parts of the central and southeastern United States with bands of as much as 20 inches of rain in certain locations ( fig. 2 ). The flooding in the southeastern United States was mainly caused by heavy rainfall from December 22 to December 26, 2015, whereas the flooding in the central United States (Mississippi River Basin) was driven by the heavy precipitation occurring from December 27 to December 29, 2015. Total damages from these floods has not been determined at this time (March 2016), but will be in the millions of dollars, particularly in Missouri ( fig. 3 ), which had 16 fatalities caused by flooding and 37 counties and the City of St. Louis declared Federal Disaster Areas (http://www. missourinet.com/2016/02/10/fema-approves-nixons-requestto-expand-missouris-federal-disaster-declaration/, accessed February 10, 2016).
The U.S. Geological Survey (USGS) collects and disseminates streamflow data at more than 8,100 streamgages nationwide. Streamflow data collection serves a variety of purposes including understanding, forecasting, and documenting flooding. Leading up to and during flooding, streamflow data are vital for flood warning, forecasting, and emergency management. The long-term systematic streamflow data are used to mitigate for the impacts of floods in the design or repair of infrastructure (for example, roads, bridges, reservoirs, and pipelines), houses, and buildings.
Purpose and Scope
The purpose of this report is to document the peak streamflows and stages for rivers and streams in the central and southeastern United States impacted by flooding during December 2015 and January 2016. This includes USGS streamgages as well as selected non-USGS streamgages. The flood peak flows are placed into context by ranking each flood peak flow with the annual peak floods for the period of record at each streamgage, as well as historic floods that might precede the systematic records.
Study Area
The streamgage data (peak stage and streamflow) documented in this report are located in the Missouri, upper Mississippi, Ohio, lower Mississippi, Arkansas-White-Red, and Tennessee River Basins ( fig. 1 ) along with smaller river basins in eastern Texas that are referred in the report as the TexasGulf region and the south and southeast United States that are referred in the report as the South Atlantic-Gulf region ( fig. 1 ). Most of these rivers drain into the Gulf of Mexico, with the remaining rivers in the southeast United States draining into the Atlantic Ocean. 
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General Weather Conditions and Precipitation Causing Flooding
November and early to mid-December 2015 saw above average precipitation in a large part of the eastern United States, with November 2015 ranking as the wettest November on record in Arkansas and Missouri ( fig. 4 ) (National Oceanic and Atmospheric Agency, 2016b). As a result of this above average precipitation, streamflow was well above normal conditions at many streamgages leading into the latter part of December 2015 ( fig. 5 ) when the intense rains began, which resulted in most of the major flooding. Over the 19 day period from 7:00 AM December 12 to 7:00 AM December 31, more than 20 inches of rain fell in parts of the central and southeastern United States ( fig. 2) .
A surface low pressure system located in southeast Iowa on December 21, 2015, moved north into the Great Lakes by December 22, 2015, while the attached cold front was positioned from middle Kentucky and Tennessee to northern Louisiana (figs. 6A and 6B). A strong push of moist, warm air from the Gulf of Mexico surged ahead of the cold front causing the cold front to become stationary and eventually wash out over central South Carolina, central Georgia, and southeastern Alabama by December 23, 2015 ( fig. 6C ). During this period, the jet stream was meridional (flowing at sharper angles to the latitude lines of the earth or flowing more in a north-south orientation), with persistent flow parallel to the old frontal boundary and provided enough instability at the upper levels of the atmosphere for areas of the southeast to receive precipitation for 4 consecutive days. Two-day precipitation totals for Columbia, South Carolina (December 22-23, 2015) and Atlanta, Georgia (December 23-24, 2015) were 4.19 inches and 5.19 inches of rain, respectively, while Troy, Alabama received a total of 7.66 inches of rain December 22-24, 2015.
By December 24, 2015 ( fig. 6D ), the jet stream became slightly more zonal (flowing more parallel to the latitude lines of the earth or flowing more in an east-west orientation) and a new surface low pressure center developed in eastern Kansas, which ushered in a new push of cold air that moved southeast, setting up another frontal boundary that stretched into the southeast United States. To the southeast of this frontal boundary, the flow of warm air to the north continued, where Boston, Massachusetts, recorded a high temperature of 69 Fahrenheit on Christmas Eve, while heavy rain fell in western Virginia, western North and South Carolina and northern Georgia. As fig. 6F-6G) . Ahead of the stationary front, a direct flow of warm moist air at the Earth's surface stretching from Texas to Florida clashed with arctic air that extended below the southern border of the United States. Additionally, the upper level low, already cut off from the main atmospheric flow, was being fueled by the subtropical jet stream that brought in additional moist air at the upper levels from the abnormally warm eastern Pacific Ocean ( fig. 7 ). The differences in these two air masses was dramatic as temperatures were in the low 80s from southern Texas to extreme southern South Carolina, whereas El Paso, Texas, was getting 8 inches of snow and blizzard conditions with drifts as much as 10 feet were prevalent in the Texas panhandle and eastern New Mexico (National Weather Service, 2016b). Severe weather along the diffluent upper level windflow of northeast Texas produced an Enhanced Fujita scale 4 (EF4) tornado that ripped through the Dallas, Texas, suburbs. Further north, the convergence of warm moist air and arctic air caused torrential rain in northeastern Oklahoma, Missouri, and northwest Arkansas, with areas across southern Missouri receiving 9 to 12 inches of precipitation in less than 48 hours from mid-day December 26 to early morning December 28, 2015. Total rainfall over the 72 hour period from 7:00 AM December 26 to 7:00 AM December 28, 2015, is shown in figure 8 .
The arctic air pushed the entire system slowly east so that by the morning of December 29, 2015, the cold front evolving from the stationary front was located from the central panhandle of Florida to western North Carolina ( fig. 6I ). Precipitation amounts of 2 to 3 inches were reported in east central Alabama, west central Georgia through the Atlanta area, and into the mountains of South and North Carolina. For the next 24 to 36 hours, the front became stationary and actually retrograded back west dumping an additional 3 to 4 inches of precipitation over parts of Florida, Alabama, and South Carolina. By January 1, 2016, the colder air eventually pushed the front into central Florida and precipitation finally ended for the southeastern States. 
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Methods
In this report, streamflow data refer to both stage and volumetric streamflow (streamflow). These data were collected either systematically at streamgages or from periodical/intermittent field observations of streamflow at locations where no streamgage was present.
U.S. Geological Survey streamgages operate autonomously by collecting data at some frequency (typically either 5 or 15 minutes) dependent on watershed size and concomitant flashiness of the stream. The typical streamgage automatically makes observations of stage data. The stage data are collected using a variety of methods (float, submersible pressure transducer, nonsubmersible pressure transducer, or noncontact radar). Although stage data are important, streamflow is commonly more important for such purposes as streamflow forecasting, water quality loading, flood frequency analysis, and flood mitigation planning. Derivation of streamflow from stage data at a streamgage requires periodic measurements of streamflow to develop a relation that will convert the stage data to streamflow data.
All rivers and streams have some form of hysteresis (loop effect) in the relation between stage and discharge (referred to generally as rating complexity), whereby for the same stage, the streamflow is greater on the rising limb of the hydrograph (as the flood wave approaches) than on the falling limb of the hydrograph (as the flood wave has passed and the flood recedes). The presence of hysteresis is particularly apparent when overbank storage is large, but this hysteresis occurs even in prismatic channels with no floodplain simply because of the hydrodynamics of an unsteady flood wave passing through. Natural channels often have mobile beds, which cause additional complexity because of the bed changes. In many cases, the complexity is small enough that the relation between stage and discharge can be represented by a monotonic singlevalued stage-streamflow rating curve (rating curve) ( fig. 9 ). On site direct measurements are done by USGS personnel ( fig. 10 ) making physical observations of stream velocity and stream depth to determine streamflow (Turnipseed and Sauer, 2010) and develop rating curves. After construction of the rating curve, continued periodic measurements of streamflow are required at various stages to calibrate and validate the accuracy of the rating curve. The rating curve allows for the determination of the streamflow from the stage data when USGS personnel are not physically present at the streamgage to make a streamflow measurement. 1,000 10,000 100,000 1,000,000
Stage, in feet Streamflow, in cubic feet per second In some cases, direct measurements of streamflow during a flood are not possible or are impractical. In those instances, indirect measurement methods are used , whereby water surface profiles determined by high water marks and channel geometry are used in hydraulic equations based on the principles of conservation of energy, conservation of momentum, and continuity to compute the peak streamflow for that particular flood. The high water marks and channel geometry are determined by field survey. The USGS assigns uncertainty/accuracy estimates to each indirect measurement based on the hydraulic and channel geometry conditions found at each field site Matthai, 1967; Bodhaine, 1968; Dalrymple and Benson, 1967; and Hulsing, 1967 ).
All rivers have rating complexity to some degree. For many locations, the complexity is minor and can largely be ignored; however, for lower gradient rivers, the rating complexity can sometimes be too large to ignore. The Mississippi River at St. Louis, Missouri, streamgage demonstrates rating complexity ( fig. 11 ). For two separate periods (period 1 is summer 2015 and period 2 is December 2015 and January 2016), direct measurements of streamflow made on the rising limb of the hydrograph plot to the right of those direct measurements made on the falling limb of the hydrograph. To accommodate for the complexity at this location, numerous measurements are made to allow the monotonic single-value Rating 17 to be shifted to match the measurements on the rising and falling limbs for both floods. Figure 11 shows that the rising limb measurements for the December 2015 and January 2016 flood plot to the right of the falling limb measurements for the summer 2015 flood, meaning for the same stage, more water is conveyed through the channel (channel is more efficient) for the winter flood than the summer flood. This increased efficiency is likely due to the bedforms being smaller in the December 2015-January 2016 flood compared to the summer 2015 floods, which is likely due to the colder water temperatures for the later flooding. Shen and others (1978) demonstrated this same phenomenon on the Missouri River and attributed the cause to the colder water having higher viscosity enabling more suspended-sediment transport, which in turn dampened the magnitude of the bedforms.
Peak Streamflows and Stages
Peak streamflow and stage data during the December 2015-January 2016 flooding for 175 locations in the central and eastern United States are listed in table 1 (at the end of this report), with their locations shown in figure 2. The streamgages and periodic/intermittent sites included in table 1 were chosen because (1) the December 2015-January 2016 peak streamflow for those locations ranked in the top 5 peak flows for the period of record, (2) the site was a periodic/intermittent location where the peak streamflow was determined, or (3) the site was included to allow comparison with past major floods.
The rank for the December 2015-January 2016 streamflow peak at selected streamgages for the period of record are presented in table 1. Of the 175 locations listed, 23 USGS streamgages had peaks of record for streamflow and 172 had peaks that ranked in the top 5 for the period of record.
The peak stage and streamflow are not always coincident in time for the locations in this report, particularly for those streams and rivers that have complexity in the relation between stage and streamflow. 500,000 600,000 700,000 800,000 900,000 1,000,000
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Summary
During December 2015 and January 2016, flooding on numerous streams and rivers in the central and southeastern United States resulted in at least 16 fatalities and millions of dollars in damages. The floods were the result of excess rainfall, with rainfall amounts of more than 20 inches in a 19 day period from December 12 to December 31, 2015.
Peak streamflow and stage data are documented in this report. Peak streamflow records were broken at 23 USGS streamgages, with 172 USGS streamgages having peaks in the top 5 for the period of record. 
